This supporting materials text is divided in three sections. In Section 1 we describe the statistical methodology underlying ORIOS, in Section 2 we provide interesting time course plots of some genes which were referenced in the main article and in Section 3 we offer some additional numerical results dealing with the computation time of the methods considered and their performance for sparse time course data.
Theoretical details on the testing procedure
The algorithm ORIOS described in the main manuscript to detect rhythmic genes in oscillatory systems consists of two steps, namely, the filtering step and the classification step. Both these steps involve testing some statistical hypotheses and therefore in this section we describe the theoretical details of those statistical tests.
For a given gene, let Y = (Y 1 , Y 2 ) denote its expression in the two periods of interest, where
. . , Y jn ) denotes its expression at the n time points in the j th period with j = 1, 2. We further assume that the sampling variance is constant at all time points and that the gene expression at each time point follows a normal distribution and the expressions are uncorrelated at all time points.
In other words, for each gene, its observed expression data are modelled by a signal plus error model Y j = µ j + j , where j ∼ N n (0, σ 2 I) independent and j = 1, 2.
Although various statistical hypotheses described in this section can be tested using the likelihood ratio test (LRT), the LRT can be computationally intensive when the hypotheses of interest are constrained by mathematical inequalities. This is particularly true as the number of inequalities is large, as is in the present case of circadian clock or cell-cycle gene expression studies. For this reason, we instead use conditional tests (CT) which are well-known in the statistical literature (cf. [1, 2, 3, 4, 5, 6] ). The CT are a modification to LRT where the critical value depends upon the number of level sets in the estimator of the underlying parameter. This results in computational simplicity and often substantial gains in the power.
A. The Filtering Step
Step A1: For each gene we estimate the location of the trough L and that of the peak U, using the method described in the main paper. Note that this landmark estimation is common to both periods. In other words, we are combining the data from the two periods when estimating these landmarks. Since the alternative hypotheses depend upon the estimated values of L and U , therefore the following "statistical hypotheses tests" should be viewed more as a pattern recognition algorithm rather than formal statistical tests since the hypotheses involve random variables (i.e. estimated L and U ). Note that the ORIOGEN software [7] also addresses the problem of detecting genes with cyclical patterns and is also based on order restricted inference based methods. The fundamental difference between ORIOGEN and ORIOS is that, unlike in the present case, ORIOGEN does not pre-estimate L and U but determines these values as part of its testing problem. However, as noted in [7] and in [8] , as the number time points increases, such as in the case of circadian clock experiments, ORIOGEN is likely to be underpowered because it is testing at all possible locations of L and U .
Step A2: For each gene, we test the following pairs of hypotheses:
Note that each pair of the above hypotheses is tested separately using the data in the corresponding period, i.e., we test H 10 vs. H 11 in the first period and H 20 vs. H 21 is tested using the data in the second period. For each period j = 1, 2, µ Hj0 ∈ H j0 can be represented by µ 0 = µ(1, 1, . . . , 1) for some unknown scalar µ. We construct the LRT statistics
along the lines of [9] . Under suitable regularity conditions, conditional on the level sets, for each j = 1, 2, the distribution of T j0 under the null hypothesis H j0 , is known to be χ 2 dj0 (see [10] and [11] ). Therefore, the corresponding α
such that:
where d j0 = m j0 − 1 and m j0 is the number of level sets ofμ Hj1 . It was demonstrated in [12] that µ 0 is the least favourable configuration (LFC) of parameters for the usual LRT. This fact guarantees that the conditional test is asymptotically an α * -level test, and allows to obtain a p-value from a χ 2 dj0 as follows:
For each gene, the above result assumes that the variance in the gene expression is constant σ 2 for all time points. However, since σ 2 is unknown in practice, we therefore replace σ 2 in T j0 by its ANOVA
, which consistent for large samples.
For each gene, let p j0 , j = 1, 2, denote the p-value associated with H j0 and let p 0 = max(p 10 , p 20 ).
Since we are performing tests on a large number of genes, we adjust p 0 for multiple hypotheses testing using the Benjamini-Hochberg (BH) procedure. If the BH adjusted p-value is below the nominal FDR level α then we declare the gene to be potentially rhythmic gene (cyclical, quasi cyclical or flat), otherwise the gene is declared as a non-rhythmic gene (flat or non-flat and non-periodic).
B. Classification Step
For genes that are declared to be potentially rhythmic in the filtering step, in this step we shall further classify them as either cyclical, quasi cyclical or flat gene. Genes that are declared to be non-rhythmic in the filtering step, we shall further classify them as either flat or non-flat and non-periodic .
Depending upon the outcomes of the filtering step, we accomplish the above classifications by testing the following hypotheses in a sequence of two pairs of hypotheses.
Before we describe this step we first note that the normality assumption in this step considers an identical n dimensional mean vector µ for both periods, i.e. µ 1 = µ 2 = µ. Thus, the observation vector
Moreover, in contrast to the filtering step, in this step, when testing the null hypothesis H j−1 against the corresponding alternative described in Steps B1
and B2 below, the parameter σ 2 is consistently estimated byσ
, see [9] . In each case, the LRT statistics is given by
, see [9] .
Similar to the filtering step, we use conditional testing using the LRT. Under H j−1 , and certain suitable regularity conditions, the conditional distribution of T j , under the appropriate null hypotheses, is known to be a Beta distribution, B aj ,bj , see [10, 11] . The conditional α * -level test rejects when T j ≥ c(m) where c(m) is defined as the 1-α percentile of the B aj ,bj , such that:
where (a 1 , b 1 ) = ((m − 1)/2, (2n − m)/2), (a 2 , b 2 ) = ((n − m)/2, n/2), and m is the number of level sets ofμ H1 . As before, the parameter configuration µ 0 , the mean under the appropriate null hypothesis, is the LFC of parameter under the null hypotheses for the LRT. This guarantees that the conditional test is asymptotically an α * -level test, and allows to obtain a p-value from a Beta distribution as follows:
Step B1: For genes identified in the filtering step as potentially non-rhythmic, we test H 0 against H 1 (or more precisely H 1 -H 0 ). If, for such a gene, H 0 is rejected then the gene is declared as non-flat and non-periodic. These are the genes which have flat profiles with unusual peaks (or troughs). Genes for which H 0 is not rejected are classified as flat. To do so, p-values are adjusted for multiple testing using the BH procedure.
Step B2: For genes identified in the filtering step as potentially rhythmic, we first test the null hypothesis shape is rejected by the present step, so this result taken together with the result of the filtering step, a logical conclusion one arrives at is that the gene has a rhythmic but not cyclical shape. Among the patterns considered in this paper, this pattern corresponds to the quasi cyclical pattern.
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